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ABSTRACT 
Identification of 2 1 fig accessions (Ficus carica L.) representing different varieties was performed using 
the RAPD (Random Amplified Polymorphism DNA) technique. The prescreening of 85 primers on four 
genotypes dowed to select 12 primers which revealed polymorphism and gave reproducible results. The 19 
RAPD markers used provided 17 different banding patterns. The analysis revealed a labelling error for one 
accession and confirmed a synonymy for two others. The RAPD markers showed sufficient polymorphism 
for genotype discrimination, clonal stability, environmental stability and experimental reproducibility. The 
genetic variability observed in the fig genotypes was not structured into distinct subgroups probably because 
an important gene flow occurred in the natural populations from which cultivars originated. 
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INTRODUCTION 
The common fig (Ficus carica L.) is a gyno- 
dioecious plant species which grows and reproduc- 
es in the wild throughout the Mediterranean Basin 
(KJELLBERG et al., 1987). Widely cultivated in 
different Mediterranean countries for its edible 
fruits, figs are multiplied through cuttings and a fig 
variety is defined as all cultivated individuals result- 
ing from the same genotype. Generally, this geno- 
type was originally located in the wild and chosen 
for its agronomic features (large, pulpy and sweet 
fig, high fruit yield etc). A number of fig varietal 
collections are kept by nurserymen. Error of variet- 
al identification and synonymy constitute an 
important problem of collection maintenance. 
Classical varietal identification is based on mor- 
phological traits. Using the size and the shape of 
fruits and leaves, the colour of fi-& epiderm, etc 
CONDIT (1955) classified more than 600 fig varieties. 
However, these characters are sensitive to environ- 
mental conditions (CONDJT, 1950) and do not 
correspond in general to alternative criteria which 
lead to the separation of the phenotypes into 
distinct groups (VALDEYRON and VALIZADEH, 1976). 
Isozyme electrophoresis has been used in many 
species (BAILY, 1983; WEEDEN and LAMB, 1985; AT- 
KINSON et al., 1986) including the common fig 
(VALIZADEH et al., 1977). An analysis of 61 fig 
varieties using four polymorphic isozyme loci 
allowed the characterization of 4 1 multilocus geno- 
types (VALIZADEH et al., 1977). The success of vari- 
etal identification by isozyme electrophoresis 
depends on the number of isozyme systems and 
alleles studied. Unfortunately, t h i s  number 'is usual- 
ly limited, which leads to insufficient polymor- 
phism among closely related genotypes. In addi- 
tion, the isozyme patterns may vary among tissues, 
developmental stages, and environments (BECKMAN 
and SOLLER, 1983). Restriction fragment length 
polymorphism based on the use of mini-satellites 
DNA sequences (DALLAS, 1988; NYBOM and HALL, 
1991) or micro-satellites (WEISING et al., 1991) as 
probe allowed to discriminate genotypes even in 
the case of a narrow genetic basis. However, the 
RFLP technology is a laborious procedure and 
usually requires the use of radioisotopes. 
Recently, a novel technique based on the 
amplification of random DNA sequences by the 
polymerase chain reaction (PCR) with arbitrary 
primers has been developed by WILLIAMS et al. 
(1990) and WELSH and MCCLELLAND (1990). The 
* Corresponding author, Département de Biologie des Polupations, Centre d'Ecologie Fonctionnelle et Evolutive, CNRS 1919, route 
de Mende, B.P. 5051, 34033 Montpellier Cedex, France. 
P U  
78 
random amplified DNA fragments are issued from 
repeated DNA or low-copy number sequences 
(WILLIAMS et al., 1990; WILDE et al., 1992). This 
technique allows to detect extensive polymor- 
phisms resulting from the unlimited number of 
arbitrary primers. Specific amplified products 
(RAPDs) segregate in a Mendelian fashion (CARLSON 
et al., 1991; HUNT and PAGE, 1992) and, therefore, 
can be used as genetic markers to study hybrid 
populations or species (ARNOLD et al., 1991), to 
analyse paternity and kinship relationships (WELSH 
et al., 1991; HADRYS et al., 1992), and to develop 
genetic linkage maps (KLEIN-LANKHORT et al., 199 1; 
REITER et al., 1992). The RAPD markers can also be 
used in the study of the genetic variability of 
species or natural populations (CHALMERS et al., 
1992; VAN HEUSDEN and BACHMANN, 1992; MOSSELER 
et al., 1992; HUFF et al., 1993; LASHERMES et al., 
1993; WILKIE et al., 1993) and in the identification 
of different genotypes (Hu and QUIROS, 1991; WILDE 
et a1.,1992; WOLFF and PETERS-VAN RUN, 1993; KOL- 
LER et al., 1993). 
In this work, we developed and characterized 
RAPD markers in order to fingerprint fig geno- 
types. Our aim was to demonstrate that fig varietal 
identification using the RAPD technique is feasible, 
and to get a set of RAPD markers in order to 
subsequently study genetic variability in natural 
populations. 
MATERIALS AND METHODS 
Plant material 
The analysis was performed on 21 fig accessions 
representing 19 denominations (Table 1). These samples 
were chosen to represent the collections maintained by 
nurserymen in France and to include economically 
important varieties. The accessions were from four 
different localities: Baud nursery (Vaison la Romaine), 
the varietal collection of Porquerolles (Botanic conserv- 
atory), a grower from Perpignan and the campus of 
CEFEKNRS Montpellier. 
In order to study clonal stability, five samples repre- 
senting cvs: Col de Dame blanche, Col de Dame grise 
and Col de Dame noire were chosen. These varieties 
have the same enzymatic spectrum (VALIZADEH et al., 
1977) and identical morphological traits, the only 
difference being the colour of the fruit epiderm probably 
resulting from somatic mutations in a fig clone (VAL- 
IZADEH et al., 1977). The analysis included two samples of 
cvs Col de Dame blanche and Col de Dame noire. The 
fìrst clone originated from the varietal collection of 
Porquerolles and the second from the traditional area of 
cultivation at Perpignan. Each of these two clones has 
been grown separately in two different geographic 
localities since long. 
TABLE 1 
List of fig accessions used in this study 
Number Name Collection 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Dauphine 
Violette Dauphine 
Col de Dame grise 
Col de Dame blanche 
(accession no 1) 
Col de Dame noire 
(accession no 1) 
Col de Dame noire 
(accession no 2) 
Bourgeassotte noire 
Violette de Solliès 
Marseillaise 
Verte d'Argenteuil 
Longue d'aout 
Osborn ProMc 
Medeleine des deux Saisons 
Grise de Saint Jean 
Tardive Aout Turkey 
Sultane 
Noire voisine de la Sultane 
Grise ronde à chair rose 
Grosse longue verte 
Roscoff 
Col de Dame blanche 
(accession no 2) 
Porquerolles 
Baud nursery 
Porquerolles 5 
Porquerolles . 
I 
Porquerolles ? 
Perpignan 
Porquerolles 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
Baud nursery 
CEFEKNRS, 
Montpellier 
Perpignan 
Genomic DNA isolation 
Total DNA was extracted from dormant vegetative 
buds according to DELLAPORTA et al. (1983) with the 
following modifications: the extraction buffer contained 
50 mM beta-mercaptoethanol, precipitations were 
carried out at -7OOC for 30 min and nucleic acids 
solutions were treated three times with a mixture of 
phenol (1 vol.), chloroform (1 vol.) and meta-cresol (0.2 
vol.) for protein removal. The estimation of genomic 
DNA concentration was performed by spectrophotomet- 
ry and by ethidium bromure coloration after electro- 
phoresis. 
PCR technique and electrophoresis 
Arbitrary decamer oligonucleotides purchased from 
Operon Technologies (USA) were used for the amplifi- 
cation of random DNA sequences. Amplificaton reac- 
tions were done in 25 pl volumes containing 10 mM 
tris-HC1 pH 8.3, 50 mM KC1, 1.5 mM MgClz, 0.001% 
gelatin, 100 pm of each dATP, dCTP, dGTP and dlTP 
(Boehringer), about 10 ng of genomic DNA, 0.4 pM of 
primer and 1 unit of Taq polymerase (Perkin Elmer 
Cetus). The reaction mix was overlaid with two drops of 
mineral oil (Sigma) to prevent evaporation. PCR reac- 
tions were perfomed using the Trio-ThermoBlock 
apparatus (BiometrdGermany). Samples were kept at 
s- 
t 
i 
s 
1 
d 
94°C for 5 min and then subjected to 45 repeats of the 
following cycle: ohe minute at 94"C, one minute at 
35"C, two minutes at 72OC, and then a final step of six 
minutes at 72OC. Amplification products were analysed 
by electrophoresis in 1.5% agarose gels in TBE buffer at 
4 volt/cm for 4h and detected by staining with ethidium 
bromide. The fragment patterns were photographed 
(667, Polaroid) for further analysis. 
Data analysis 
For each primer, the consistent amplified products 
were recorded. The polymorphic fragments (RAPD) 
were named by the primer code followed by the size of 
the amplified fragment in base pairs. The presence of a 
specific product was noted whatever the intensity of the 
band. Each RAPD marker was assumed to correspond to 
kb 
1904 
1584 
1375 
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500 
79 
a locus with two alleles (presence or absence of the 
band). A similarity index S, expressing the probability 
that a RAPD in one accession is also found in another 
was calculated according to Nei and Li (1979) for all 
possible pairwise comparisons between accessions: S = 
2 NAB/ (NA + NB) where NAB is the number of amplified 
products common to both A and B, and NA and NB 
correspond to number of amplified products in A and B 
respectively. The probability of finding two individuals 
with the same pattern can be calculated as the mean 
similarity index to the power of the mean number of 
bands (NYBOM and HALL, 1991). The Phylip computer 
program (FELSENSTEIN, 1987) was used for a hierarchical 
clustering analysis based on the unweighted pair group 
method with arithmetic mean (UPGMA; BENZECRI, 1973) to 
generate a dendrogram and to describe relationships 
among genotypes. 
A9 A l  8 x1 x5 
1 3 13 20 m 
FIGURE 1 - Agarose-gel electrophoresis of fragments obtained by PCR amplification of genomic DNAs from four fig accessions with 
four primers (numbers and codes on top refer to the fig accessions and the primers listed in Table 1 and 2). (A) Photograph of gel 
stained with ethidium bromide, (B) diagram showing bands scored. m = markers. 
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RESULTS AND DISCUSSION 
Selection and validation of RAPD markers 
. .  
A set of 85 primers was tested on four accessions 
i.e.: Dauphine, Col de Dame grise, Madeleine des 
deux saisons and Roscoff, and 21 primers (25%) 
were then excluded because their amplified pro- 
ducts were unstable. Of the remaining 64 primers, 
27 revealed a polymorphism (Fig. 1). Each of these 
primers was then tested on all samples studied, and 
12 of them were selected for genotype analysis 
because their patterns were reproducible (Fig. 2). 
Among the 64 bands generated by the 12 selected 
primers, 16 (25%) were unstable and were there- 
1 2 3  4 5 6 7 8 9 1 0 m  
kb 
1904 
1584 
1375 
947 
500 
fore excluded. Of the remaining 48 amplified pro- 
ducts, 29 (45%) were constant among all the 
samples analysed and corresponded to monomor- 
phic loci. The remaining 19 variable bands were 
then selected as RAPD markers (Table 2). Although 
the number of bands for each primer varied from 2 
to 6 with an average of 4 bands per primer, each of 
the 12 selected primers produced only one to two 
RAPD markers (Table 2). 
The use of short sequence primers makes the 
RAPD reaction very sensitive to amplification con- 
ditions. Indeed, the high proportion of unstable 
bands (25%) obtained here shows the importance 
of using multiple r u s  and strict control of the 
experimental conditions (HADRYS et al., 1992; WIL 
k 
1 1  12 13 14 15 16 17 18 19 20 
FIGURE 2 - DNA polymorphism of 20 fig accessions obtained by amplification from fig genomic DNA using random primer OPA16 
(see Table 2). Lane numbers 1-20 correspond to fig numbers in Table 1. (A) Photograph of gel stained with ethidium bromide, (B) 
diagram showing bands scored. m = markers. 
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TABLE 2 
Nucleotide sequence of selected primers with the number 
of amplified products and RAPD markers 
Number of Number of 
products markers 
Code Sequence 5'--3' amplified W D  
OPA1 1 
OPA16 
OPA18 
OPHll 
OPK17 
OPX5 
OPX9 
OPXl 1 
OPY4 
OPY 1 1 
OPY14 
OPZ 12 
CAATCGCCGT 
AGCCAGCGAA 
AGGTGACCGT 
CTTCCGCAGT 
CCCAGCTGTG 
CCTITCCCTC 
GGTCTGGTTG 
GGAGCCTCAG 
GGCTGCAATG 
AGACGATGGG 
GGTCGATCTG 
TCAACGGGAC 
3 
3 
4 
5 
6 
3 
4 
6 
3 
6 
2 
3 
1 
2 
2 
2 
2 
1 
1 
2 
1 
2 
1 
2 
LTAMS et al., 1993; YANG and QUIROS, 1993). Two 
distinct amplified products of similar size may 
Co-migrate on gel; however, this event can be easily 
detected by eluting individual PCR products from 
gel and reprobing the products via Southern 
analysis (WILLTAMS et al., 1990). The RAPD markers 
used in our study have not been verified according 
to this method. However, the OPY14 marker was 
found to segregate in the Mendelian fashion (un- 
published data). It was not possible to test segrega- 
tion for the other markers because the parental 
trees in the available crosses were monomorphic. 
Nevertheless, there is only a low probability of 
finding a Co-migration for individuals within the 
same species as in our study ( m m  et al., 1993). 
Polymorphism and genotypes identification 
The analysis of 21 fig accessions using the 19 
selected RAPD markers allowed us to distinguish 
17 different banding patterns (Fig. 3). The same 
band combinaton occurred in all the Col de Dame 
samples except Col de Dame blanche originating 
from the Porquerolles varietal collection. The simi- 
larity index between the two accessions of Col de 
Dame blanche genotypes w& 0.57, which corres- 
ponds to a difference for nine markers (Table 3). 
Therefore, our results clearIy indicate a labekg 
error in the varietal collection. Bourgeassotte noire 
and Violette de Solliès also had a common banding 
pattern. Violette de Solliès has always been suspec- 
ted to be synonymous with Bourjassotte noire, and 
our results confirmed this synonymy. The genetic 
similarity between the three Col de Dame varieties 
demonstrates the clonal stability of genotypes ob- 
tained from the same original clone and grown 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
FIGURE 3 - Banding patterns resulting from 19 W D  markers for 21 fig accessions. 
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TABLE 3 
Matrix of Nei and Li’s (1979) similariiy index 
Sample 
~~ ~~ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Dauphine 
Violette Dauphine 
Col de Dame grise 
Col de Dame blanche 
(no 1) 
Col de Dame noire 
(no 1) 
Col de Dame noire 
(no 2). 
Boilrgeassotte noire 
Violette de Solliès 
MarseUaise 
Verte d’Argenteuil 
Longue d’aout 
Osbom Prolific 
Madeleine des deux 
saisons 
Grise de Saint Jean 
Tardive Brown Turkey 
Sultane 
Noire voisine de 
la Sultane 
Grise ronde à chair rose 
Grosse longue verte 
Roscoff 
Col de Dame blanche 
(no 2) 
1 .o0 
0.75 1.00 
0.30 0.58 1.00 
0.67 0.72 0.57 1.00 
0.30 0.58 1.00 0.57 1.00 
0.30 0.58 1.00 0.57 1.00 1.00 
0.57 0.80 0.48 0.64 0.48 0.48 1.00 
0.57 0.80 0.48 0.64 0.48 0.48 1.00 1.00 
0.60 0.83 0.50 0.57 0.50 0.50 0.67 0.63 1.00 
0.60 0.58 0.50 0.57 0.50 0.50 0.48 0.48 0.40 1.00 
0.50 0.67 0.50 0.57 0.50 0.50 0.57 0.57 0.50 0.60 1.00 
0.86 0.72 0.48 0.82 0.48 0.48 0.64 0.64 0.57 0.57 0.48 1.00 
0.70 0.67 0.40 0.57 0.40 0.40 0.57 0.57 0.60 0.50 0.70 0.57 1.00 
0.53 0.60 0.63 0.60 0.63 0.63 0.50 0.50 0.53 0.74 0.63 0.60 0.53 1.00 
0.73 0.77 0.64 0.91 0.64 0.64 0.52 0.52 0.64 0.64 0.55 0.78 0.64 0.67 1.00 
0.47 0.67 0.47 0.47 0.47 0.47 0.56 0.56 0.47 0.35 0.59 0.56 0.47 0.50 0.53 1.00 
0.57 0.72 0.57 0.57 0.57 0.57 0.73 0.73 0.76 0.48 0.57 0.50 0.67 0.60 0.73 0.56 1.00 
0.64 0.85 0.54 0.91 0.54 0.54 0.78 0.78 0.64 0.54 0.64 0.78 0.63 0.57 0.75 0.63 0.52 1.00 
0.45 0.69 0.82 0.73 0.82 0.82 0.52 0.52 0.64 0.54 0.73 0.61 0.55 0.67 0.75 0.53 0.70 0.67 1.00 
0.70 0.74 0.52 0.78 0.52 0.52 0.58 0.58 0.61 0.87 0.70 0.67 0.61 0.80 0.72 0.30 0.50 0.72 0.64 1.00 
0.30 0.58 1.00 0.57 1.00 1.00 0.48 0.48 0.50 0.50 0.50 0.48 0.40 0.63 0.64 0.47 0.57 0.54 0.82 0.52 1.00 
i 
* I  
i 
Mean = 0.61. 
SD = 0.14. 
separately in two different geographic localities. 
WOLFF and PETERS-VAN RLTN (1993) found an 
identical banding pattern in 13 cultivars of Chrys- 
anthemum (Dendranthema grandiflora Tzvelev) 
resulting from the same original clone by somatic 
mutation or by irradiation. 
The 17 banding patterns obtained here were 
different in at least three alleles (Table 3, Fig. 3). 
With a mean similarity index of 0.61 (Table 3), the 
probability of finding the same pattern in two 
individuals is 5.1OP3 (i.e. 0.6110-67). The use of 19 
independent RAPD markers, would allow the theo- 
retical differentiation of 524,288 (i.e. 219) banding 
patterns, which is very difficult to obtain using 
enzymatic polymorphism because of the low 
number of loci and alleles (VALIZADEH et al., 1977; 
WEEDEN and LAMB, 1985; ATKINSON et al., 1986; 
OUAZZANI et al., 1993). The characterization of the 
21 fig. accessions could Dotentiallv be Derformed bv 
a choice of 5 to 6 independent markers. However, 
our analysis required 17 markers because two 
genotypes with a similarity index as high as 0.91 
shared 16 alleles (Table 3 and Fig. 3). The fact that 
the number of markers required was three times 
higher than expected suggests a linkage of some 
loci and/or the absence of some band combin- 
ations resulting from sampling. The number of 
markers to be used in these studies is very impor- 
tant because it affects the cost of the analysis 
(KRESOVICH et al., 1992). BAILEY (1983) pointed out 
three basic criteria for cultivar identification: dis- 
tinguishable intervarietal variation, minimal intra- 
varietal variation, environmental stability and ex- 
perimental reproducibility. The level of variation 
detected in the fig samples studied here with RAPD 
markers was sufficient for the characterization of 
all genotypes whereas the clonal stability was 
t 
Y . I I  .I demonstrated by the genetic similarity of the Col 
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de Dame ac e sions. Moreover, the experiments 
were highly reproducible. By fulfilling these three 
criteria, the RAPD markers used in our study are 
therefore useful for genotype identification. 
\ Genotype relationship and genetic variability 
The 12 selected primers generated 48 consistent 
Q 
amplified products, with an average number of 
4 
four bands per primer. 'This number is relatively 
low compared with those obstained in other speci- 
es (Hu and QUIROS, 1991; MOSSLER et al., 1992; 
YANG and QUIROS, 1993; KOLLER et al., 1993; WOLFF 
and PETERS-VAN RUN, 1993) and was one of major 
factors limiting the average number of RAPD 
markers per primer to 1.5 in our study (Table 2). 
This can be compared with a study of KOLLER et al. 
(1993) in which 14 markers were generated by a 
single primer. The use of polyacrylamide gels may 
Dauphine 
Osborn Prolific 
Col de Dame blanche (no 1) 
Tardive Brown Turkey 
r i  Violette Dauphine Grise ronde 
Bourgeassotte noire 
Violette de Solliks 
Marseillaise 
I Noire voisine Sultane 
7Verte d'Argenteuil 1, -Roscoff 
Grise de saint Jean 
I Longue d'Aout 
Madeleine des Deux saisons 
Col de Dame grise 
Col de Dame noire (no 1) 
Col de Dame noire (no 2) 
Col de Dame blanche (no 2) 
Grosse Longue Verte 
I Sultane 
FIGURE 4 - Dendrogram based on Nei and Li's (1979) similarity index showing relationships among 21 fig accessions. The 
dendrogram was built up according to the unweighted pair-group method with arithmetic mean (UPGMA). 
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improve the band separation and prove to be use- 
full in generating more RAPD markers per primer 
(CAETANO-ANOLLES et al., 1991; DWEIKAT et al., 
1993). Among the 85 primers tested, only 27 (29%) 
revealed polymorphism. The prescreening of pri- 
mers for their informativeness was thus justified. 
The advantage of analysing only four genotypes 
rather than all the accessions was to reduce time 
and cost. Obviously, the polymorphism generated 
by the selected primers reflected the genetic vari- 
ability among the four genotypes only. However, 
the average similarity index calculated for these 
genotypes was 0.54 which is not sigmficantly 
different from the average similarity index (0.61) 
for all the accessions suggesting that the genetic 
variability of the genotypes used in the prescreen- 
ing corresponded to that observed in all the acces- 
sions analysed. 
The matrix calculated for all possible pairwise 
comparisons between accessions (Table 3) showed 
that the similarity index varied from 0.30 to 0.91 
with an average value of 0.61 and a variation of 
23%. However, the relationship among individuals 
illustrated by the dendrogram in fig. 4 showed the 
absence of distinct genotype grouping. The analysis 
of ten individual from ten different natural popul- 
ations of Microseris elegans showed similarity in- 
dexes of 0.48 to 0.91 (mean = 0.64) and a vari- 
ation of 20% (VAN HEUSDEN and BACHMA”, 1992). 
The separation of these individuals into four groups 
was related to the geographic distribution of 
Microseris elegans populations and to relatively 
limited gene flow. Therefore, it is suggested that 
the absence of distinct group for the fig genotypes 
studied here may result from an important gene 
flow amongst them. 
CONCLUSION 
This study showed that the use of RAPD mark- 
ers is a useful tool for fig varietal identification. The 
advantages of this technique are its ability to detect 
extensive polymorphisms, simplicity, rapidity and 
no need for radioisotopes (NEWBURY and FORD-LLOYD, 
1993). The principal limitation of RAPD fingerprin- 
ting arises from its sensitivity to the reaction condi- 
tions, which may affect the reproducibility of pat- 
terns. The low number of individuals analysed did 
not allow to ve& whether gene flow was respon- 
sible for unstructured genetic variability in fig. On 
the other hand, RAPDs are not expected to identify 
heterozygous loci and, therefore, may have some 
limitation for estimation of gene flow (CARLSON et 
al., 1991; HADRYS et al., 1992). The first studies of 
genetic differentiation among natural populations 
have shown that RAPD markers are useful tools to 
identify areas of maximum diversity and may be 
used to estimate genetic variability in natural popul- 
ations (CHALMERS et al., 1992; VAN HEUSDEN and c 
BACHMANN, 1992; HUFF et al., 1993). 
t 
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